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ABSTRACT 


The forest floor is an important component of the forest 
ecosystem. The reactions taking place at this interface between 
the organic horizons and the mineral soil are strategic. The 
rate of CO, evolution from the forest floor is indicative of the 
biological activity occurring in the organic horizons and is 
also indicative of the readily available energy material present. 
The amount of CO, evolved over a 28-day period was deter- 
mined for the F-layers (decomposing material) and H-layers 
(humified material) from hardwood, conifer, and mixed hard- 
wood conifer forests in the northeastern United States. Total 
CO, evolved appeared to be indicative of the level of readily 
oxidizable carbon in the material and its state of decomposition 
and humification. A more rapid method of evaluating decom- 
position and humification appeared desirable. Water soluble 
carbon was determined on the same materials used for the 
CO, evolution study plus fresh litter from some of the same 
stands. The values for soluble carbon compared very favorably 
with those from CO, evolution determinations. It was thus 
concluded that the more rapid soluble carbon determination is 
a useful index of state of decomposition and humification. 


Additional Index Words: soluble carbon, CO, evolution, for- 
est floor, decomposition. 


CCUMULATION of fresh litter on the forest floor stimu- 
lates marked increases in microbial populations and 
respiratory activities. Then as decomposition proceeds, mi- 
crobial populations and respiratory activities gradually de- 
crease to relatively low levels as “stable” humus is formed. 
This sequence reflects an initial high level and then a grad- 
ual decrease in readily available carbon as microbial en- 
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ergy source material. We postulated (i) that CO, evolution 
from aerobic incubation should be a good index of stage of 
decomposition and humification of forest floor materials 
and (ii) that water soluble carbon as a dominant energy 
source for microbial respiration should also be a good 
index of decomposition and humification. The objective of 
this study was to test these relationships in the hope that the 
easier, much more rapid soluble carbon assay would suffice 
in place of tedious incubation procedures. 

The importance of the forest floor has been well recog- 
nized for many years. Many of the early studies on the 
forest floor were largely descriptive, the emphasis being on 
chemical composition, morphology, and classification (1, 
3, 13, 15). Only a few of these early studies considered the 
decomposition processes (5, 11). Although some recent 
studies are still descriptive (7, 17), much of the current 
work is concerned with the nature of decomposition, i.e., 
biochemical processes and mineralization of plant nutri- 
ents, particularly nitrogen (2, 9, 10, 12, 14, 16). 


METHODS AND MATERIALS 


Materials known to be different with respect to state of de- 
composition and humification were collected from northeastern 
United States forests having distinct L, F, and H layers. F1 and 
F2 layers were recognizable in some instances. Samples were 
collected in the fall. Stands sampled included conifer, hard- 
wood, and mixed conifer and hardwood types. Six 0.09-m2 
samples were taken in each stand. The L, F (or F1 and F2), 
and H layers were separated and sampled individually. Sam- 
ples were air dried and ground to pass a 20-mesh sieve. 

Prior to CO, evolution and water soluble carbon deter- 
minations, moisture content and saturation capacity were deter- 
mined for each sample. Sample weights for all determinations 
were on an oven dry basis. 

CO, Evolution—Duplicate 15-g samples adjusted to 50% of 
saturation capacity were incubated in 250-ml Erlenmeyer flasks 
under continuous aeration (4). Air passed through the incuba- 
tion flasks was first scrubbed through a series of alkaline and 
acid solutions (10% NaOH, 10% H)SO,, 10% Ba(OH), and 
distilled water) to remove CO, and prevent sample drying. The 
evolved CO, was absorbed in 8 ml of 1N NaOH in 1.8- by 
15.2-cm collection tubes. The tubes were changed every 3 days 
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Fig. 1—COz evolution from forest floor layers from (A) red oak-red maple-white pine (Harvard Forest); (B) red pine (Harvard 
Forest); (C) Norway spruce (Harvard Forest), and (D) hemlock-yellow birch (Adirondack Mountains) stands. 


Table 1—Soluble C, CO2 evolution, and respiratory C/soluble 
C ratios for forest floor materials from eastern 
United States forests 


Mg soluble Mg Cas CO, Respiratory 
Cperg evolved per C/soluble C 

Forest types Layer materlal g material ratio 

Red oak-red maple white pine* L 56,4 -- -- 
Fl 16,1 30,2 1.9 

F2 14,8 17,7 1,2 

H 7.6 8.5 1.1 

Red oak-red maple* L 60.6 -- -- 
F1 13.1 19.1. 1.5 

F2 14,6 12,7 0,9 

H 10,7 11,6 1,1 

Hemlock-red-oak-yellow blreh* L 56.8 -- -- 
Fl 23,4 -- -- 

F2 14.8 12.5 0.8 

H 7.8 9.4 1.2 

White plne-red oak red L 36.5 =- -= 
maple-hemlock* F 14.5 22,3 1.5 

H 8.1 8,5 1.0 

White pine* L 45.8 -- -~ 
F 15.0 22.0 1.5 

Norway spruce* L 35.9 -- -- 
F 17.8 23,6 1,3 

H 7.4 9.3 1.3 

Red pine* L 33,5 -- -- 
F 15,1 22.0 1.5 

H 7.5 7.4 1.0 

Red spruce-yellow bircht F 12,9 17.8 1,4 
H 7.0 11.1 1.6 

Hard maple-basswoodt F 16,1 27.2 1,7 
Hard maple-beecht F 16,7 25.1 1.5 
Hemlock-yellow bircht F 14,7 19,1 1.3 
H 6.1 7.1 1,2 

Red oak-hard maple white 

ash-yellow poplart F 16,6 23,3 1.4 
Red oak-hard maplet F 17,1 20,5 1.2 


* Harvard Forest, Petersham, Massachusetts, 

t Adirondack Mountains, New York, 

t Black Rock Forest, Cornwall, New York, 

§ Red oak (Quercus rubra L,); red maple (Acer rubrum L,); white pine (Pinus strobus 
L.)s hemlock [Tsuga (Endl,) Carr]; yellow birch (Betula alleghanlensis Britton); Nor- 
way spruce (Picea excelsa L,); red pine (Pinus resinosa Ait,); red spruce (Picea 
rubens Sarg, ); basswood (Filla L,); beech (Fagus L,); white ash (Fraxinus ameri- 
cana L,); and yellow poplar (Liriodendron tulipifera L, ), 


through 9 days, then at 14, 21, and 28 days. Determination of 
absorbed CO, was made by titration using a Beckman model K 
automatic titrimeter. Results are expressed either as cumulative 
mg carbon evolved as CO, over the 28-day period or as total 
mg carbon evolved as CO, per gram of forest floor material 
for the total 28-day period. 

Water Soluble Carbon—A method developed by Gilmour et 
al. (8) was used for soluble carbon analyses. Duplicate 10-g 
samples were placed in 250-ml Erlenmeyer flasks and an excess 
of 100 ml of distilled water over saturation capacity was added 
for extraction of soluble carbon. The samples were shaken on a 
reciprocating shaker for 12 hours at room temperature. Samples 
were filtered through a Biichner funnel. 

A wet presulfate oxidation technique was used for combus- 


tion. Duplicate aliquots of each sample extract were pipetted 
into a 50-ml Erlenmeyer flask fitted with a center well to hold 
a CO, absorption vial. Volume was adjusted to approximately 
10 ml with distilled water and 0.3 ml of 5N H,SO, was added. 
After swirling the flask gently, 1 ml of 4% AgNO, was added 
to precipitate free chlorides and act as a catalyst for the oxida- 
tion process. Approximately 1.5 to 2 mg of potassium persulfate 
were than added. About 2 ml of 5N NaOH were added to the 
center vial. The flask was capped with a serum cap and evacu- 
ated using a 20-gauge hypodermic needle. The flask was then 
placed in an oven at 70 to 75C for 2 hours. After cooling, the 
center vial was removed and the contents washed into a 50-ml 
Erlenmeyer flask. Absorbed CO, was determined by titration 
using the Beckman autotitrimeter. Results are expressed in mil- 
ligrams soluble carbon per gram of forest floor material. 


RESULTS AND DISCUSSION 


CO, Evolution—Data for CO, evolution for selected 
samples are presented graphically in Fig. 1. These data 
show that the CO, evolution rates are greater for the less 
humified F1 layers than for the more humified F2 and H 
layers. A rapid initial respiration rate for the less humified 
material was apparent and though gradually diminishing, 
persisted over the 30-day incubation period. As expected 
these materials had a larger readily-available energy source 
than the more humified materials. For the first 2 days, the 
rate of CO, evolution for the less humified materials in 
some samples was about the same as or only slightly greater 
than that for the more humified materials. However, after 
2 days, the rate for the less humified materials increased 
rapidly (Fig. 1A). This apparently represents a build up of 
microorganisms in response to the larger source of readily 
available carbon in the less humified materials than in the 
more humified materials. The CO, evolution data presented 
in Table 1 consistently indicate higher levels of CO, evolu- 
tion in less humified layers. These can be ranked as fol- 
lows: F1 > F2 > Hand F > H. From these data, it can be 
concluded that CO, evolution values can be used as a 
measure of stage of decomposition and humification. This 
relationship holds for both hardwood (Fig. 14 and Table 
1) and conifer (Fig. 1B, 1C, and Table 1) stands. 

Soluble Carbon—Since CO, evolution by incubation 
takes so long, a method giving equivalent information more 
quickly is highly desirable. The analysis for water soluble 
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carbon appears suitable. Comparative values for soluble 
carbon and CO, evolution are given in Table 1 for selected 
samples from eastern United States forest types. The levels 
of soluble carbon were consistently higher in the less de- 
composed materials and decreased with increased decom- 
position and humification. The variance between values for 
soluble carbon and CO, evolution was least for the more 
decomposed and humified layers. The relationship between 
CO, evolution and soluble carbon, may be expressed as 
Y = 0.13 + 1.2996 X (r = 0.78). 

Comparison of data for CO, evolution and levels of sol- 
uble carbon from the same organic layers showed that 
aerobic incubation of materials high in soluble carbon re- 
sulted in high rates of CO, evolution. Conversely, incuba- 
tion of forest floor material having low levels of soluble 
carbon yielded low rates of CO, evolution. The relationship 
was consistent enough to warrant use of soluble carbon as 
an index to respiratory activity or extent of decomposition 
and humification. Data for 23 additional sample areas in 
the eastern United States together with that in Table 1 
showed that levels of soluble carbon less than 12 mg/g of 
material were indicative of well decomposed and humified 
forest floor (H-layer) material; 12-20 mg/g of material 
were indicative of moderately decomposed and humified 
layers (F-layer); and more than 20 mg/g of material were 
indicative of relatively undecomposed layers (L-layer) 
(Lily Jho-Yuan Hu. 1969. Soluble carbon and respiration 
of forest humus. M.S. thesis. Oregon State University). 

Since only 2 days are required for soluble carbon analy- 
sis as compared to 28 days for CO, evaluation incubations, 
the soluble carbon determinations are preferred. 
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